Background Deprivation is associated with an increased risk of invasive Neisseria meningitidis disease, but little is known about the relationship between deprivation and asymptomatic carriage of N. meningitidis. This analysis was conducted to examine the relationship between meningococcal carriage and deprivation.
Introduction
Neisseria meningitidis is an important cause of meningitis and septicaemia in children and young people with complications including deafness, disability or death. Most N. meningitidis infections result in asymptomatic carriage rather than invasive disease. Most studies of invasive meningococcal disease find higher rates of disease in more deprived populations, but the relationship with carriage is unclear. 1 -7 In the first 2 weeks of January 2011, six confirmed cases of invasive group B meningococcal disease were reported in two neighbouring towns from a single local authority area of Cumbria comprising urban pockets of deprivation surrounded by sparsely populated rural areas. Cases had strains with two distinct porA sequence types (7-2,4,37 and 19-1, 36) . Contact tracing identified direct social links between only two cases. In 2008, a cluster of five cases in the same area had prompted a previous investigation. As part of the public health response, we conducted a rapid meningococcal carriage study to estimate the prevalence of pharyngeal carriage of N. meningitidis and associated factors. The aim of this analysis was to identify social or other factors related to variation in meningococcal carriage in this population.
Methods
Investigators from the local primary care trust and the Health Protection Agency (now Public Health England) collected pharyngeal swabs and epidemiological data from children attending 24 schools in Maryport and Workington, Cumbria, between the 26 September and the 21 October 2011. One small school with a large student intake from outside the area was excluded from the study. All other persons attending local primary or secondary schools at the time of sampling were eligible for the study. According to school rolls, the study population comprised 3160 students in the 11-18 years age group at four secondary schools and 3094 children aged 5-11 at 19 primary schools.
We estimated a required sample size of 602 secondary school children, based on an expected strain-specific prevalence of 2% and precision (expected width of confidence interval) of 2%, and 338 primary school children, based on an expected strain-specific prevalence of 1%. A random sample of children, selected with probability proportional to school size from school rolls using computer-generated random numbers, were invited to participate. Children and parents were provided with an information pack and consent form.
Respondents completed a questionnaire to record age, sex, residential postcode (to derive the current standard English measure of relative deprivation, the Index of Multiple Deprivation 2010 score, at the small area level known as Lower Super Output Area), history of smoking or passive smoking, contact with meningococcal disease, recent antibiotic use, number of residents in household, number of rooms in house (not including toilets, bathrooms, halls or landings), frequency of visits to pubs, clubs, discos or nightclubs, and foreign travel.
Returned questionnaires were checked for missing data, and data were validated by double data entry using EpiData software. 8 Statistical analysis was performed using R version 2.15.2.
9 Neisseria meningitidis carriage prevalence was calculated overall and by town, type of school, age group, gender and social deprivation score (with exact binomial confidence intervals). For categorical exposure variables, prevalence ratios and odds ratios were calculated, with x 2 and Fisher's exact tests to test possible associations with carriage. For continuous variables, the t-test or Wilcoxon rank sum test was used to identify associations. As preliminary multilevel models showed no evidence of clustering of prevalence within schools, multivariable log binomial regression models were fitted to the data to estimate prevalence ratios. Initial models included variables identified in single variable analysis as associated with the outcome with a P-value of ,0.2, as well as possible confounding variables, and were simplified by a backwards stepwise approach, examining at each step for possible confounders. Possible polynomial and interaction terms were considered for each model when the simplest possible model had been reached.
Valid consent was obtained from all participants. As data were collected as part of an outbreak investigation, no formal ethical review was required or sought. All information was stored securely and confidentially.
Microbiological methods
A single charcoal-tipped swab of the posterior pharyngeal wall was taken through the mouth from each participant and plated directly onto a selective culture medium designed for the isolation of pathogenic Neisseria species. 10, 11 Training in direct plating was provided by the local hospital laboratory.
Plates were immediately stored in warm boxes or candle jars and transported within an hour to the local hospital microbiology laboratory for incubation in 5% CO 2 at 378C for 48 h (with a review of plates at 24 h to detect suspect colonies for subculture). Colonies that were Gram negative and oxidase positive were frozen and sent on to the PHE (formerly HPA) meningococcal reference laboratory, Manchester, UK.
Isolates were subcultured onto a non-selective plate medium, (Iso-Sensitest supplemented with 5% defibrinated horse blood and NAD supplied by ThermoFisher-Oxoid, Basingstoke, UK) at 5% CO 2 at 378C for 24 h. Co-agglutination using in-house produced rabbit polyclonal antibodies absorbed onto killed Staphylococcus aureus suspension was used upon a heat-killed suspension of organisms to determine the expressed capsular polysaccharide serogroup. The serogrouping reagent panel comprised as follows: serogroups, B, C, E, X, Y, Z and W. Heat-killed suspensions of the isolates were also screened for serogroups A, B and C by using murine monoclonal antibodies (Mabs) supplied by the National Institute for Standards and Control (NIBSC) in a dot-blot ELISA format. The serotype and serosubtype of isolates were also determined in the dot-blot ELISA using NIBSC meningococcal 
Results
Swabs and questionnaires were obtained from 469 participants at 23 primary and secondary schools between the 27th September and 21st October 2011. Two hundred and eighty participants were recruited at primary schools and 189 at secondary schools. The overall response rate was 50%.
The overall prevalence of N. meningitidis carriage was 13.9% (95% CI 10.9 -17.3%).
Most N. meningitidis isolates (52/65) were not groupable (carrier isolates usually either lack capsules or capsule expression and are not groupable or typable by traditional serological methods 12 ). Nine (13.8%) were serogroup B, two were Y, one was E and one was W. Serotyping, serosubtyping and porA sequence typing of the diverse strains identified among carriers did not identify any of the two distinct strains detected in the cases under investigation (B: 7-2, 4 or B: 19-1, 15-11).
Meningococcal carriage prevalence was highest at 18.1% in the 3-7 years age group, falling to 8.6% in 8 -11 year olds and rising to 14.3% in the 12 years age group. There was no difference in carriage between sexes.
There was a significant rising trend in carriage prevalence across national quintiles of Indices of Multiple Deprivation (2010) score (x 2 test for trend: x 2 ¼ 4.87, P ¼ 0.03). Carriage prevalence fell from 17.7% in Quintile 1 (most deprived) to 5.6% in Quintile 5 (least deprived). Tables 1 and 2 summarize other factors examined for possible associations with carriage of N. meningitidis or N. lactamica. In the single variable analysis, only age and deprivation score were associated with carriage of N. meningitidis. Our study found no association between meningococcal carriage and other putative risk factors including contact with a case of invasive disease, prior antibiotic exposure, foreign travel, visits to pubs or discos, sporting activities or mean household age.
Of the 21 children reporting cigarette smoking, 12 were from the most deprived areas, whereas only one was from the least deprived area. Of the 54 children living in households where other household members smoke in the house, 35 were from the most deprived areas, whereas none were from the least deprived areas.
8.1% (95% CI 5.8 -11.0%) participants were carriers of N. lactamica. Prevalence was highest at 12.7% in the 8 -11 years age group, falling to 2.0% in the 12þ years age group. Two subjects had carriage of both N. lactamica and N. meningitidis. There was no evidence of multiple carriage of different types of N. meningitidis (although the swabbing methodology and characterization described were not specifically designed to determine or reveal carriage of multiple N. meningitidis strains or species).
In single variable analysis, apart from a borderline association with household occupancy, only age was associated with N. lactamica carriage.
5.8% (95% CI 3.8 -8.3%) participants were carriers of Moraxella catarrhalis. Only one participant had carriage of both N. meningitidis and M. catarrhalis.
According to a log binomial regression model adjusted for age, a 1-unit increase in IMD (2010) score was associated with a 1.7% increase in prevalence of N. meningitidis carriage (95% confidence interval (CI) 0.3-3.0%; Table 3 ). Only age was found to be associated with carriage of N. lactamica (Table 4 ).
Discussion
What is already known on this topic Carriage of N. meningitidis or N. lactamica may be protective against invasive meningococcal disease for individuals.
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Moraxella catarrhalis is a common respiratory commensal with the potential to cause upper and lower respiratory infections, 17 which has been shown to share cross-reactive carbohydrate antigens with N. meningitidis and N. lactamica but has not been shown to confer immunity. 18, 19 Age is known to be a key predictor of meningococcal carriage prevalence. Prevalence typically increases from 5% in infants to a peak of 24% in 19 year olds, before decreasing to 8% in 50 year olds. 20 -25 Invasive disease is commonest in younger age groups.
Neisseria lactamica carriage is thought to be highest in the youngest age groups, falling in subsequent years. 20 Numerous studies have shown an association between deprivation and the risk of invasive meningococcal disease, but few have looked at deprivation in relation to carriage. 1 -7 In a study of school children aged 11-18, Davies 23 found greater carriage of N. meningitidis among school children whose parents had manual occupations and suggested higher rates of smoking among children from lower socioeconomic backgrounds, particularly girls, as a possible explanation. MacLennan 26 found a significant unadjusted association between area-level social deprivation score and meningococcal carriage in a study of teenagers aged 15-19, which was not significant after adjustment for smoking. It is therefore possible that deprivation is simply an indicator of a greater prevalence of more direct risk factors, in particular smoking or passive smoking. Tobacco exposure VARIATIONS IN NEISSERIA MENINGITIDIS CARRIAGE BY SOCIOECONOMIC STATUS 27, 28 and is an established risk factor for meningococcal carriage. 22,25,26,28 -33 Smoking prevalence is higher among those of low socioeconomic status in the UK. 34 Overcrowding has previously been suggested as a possible explanatory factor linking deprivation to a greater risk of invasive disease, 4 although one study found this was the result of confounding by smoking. 1 Simmons 25 found that greater household occupancy was associated with greater N. lactamica carriage in a New Zealand population.
Main finding
This study found deprivation to be one of the most important predictors of meningococcal carriage prevalence in a deprived area of England, 8 months after a localized spike in cases of invasive disease caused by two distinct porA sequence types of N. meningitidis. No carriage of recently detected invasive porA subtypes was detected, but an unexpectedly high prevalence of meningococcal carriage and a lower than expected prevalence of N. lactamica was observed in the 3 -7 years age group. The prevalence of 18.1% observed in the 3 -7 years age group in our study is higher than that reported in most of the 82 studies included in a recent systematic review. 35 Only two of the six cases of invasive disease occurring in our study area at the beginning of the year had occurred in this age group, but it is possible for this age group to have been a reservoir of infection for other age groups.
What this study adds
Invasive group B meningococcal disease is an important public health problem, causing significant morbidity and mortality in young people, for which vaccines are still under development or evaluation. 36 This study found a social gradient in carriage of meningococcal infection. As vaccines against the meningococcus may prevent infection indirectly via effects on meningococcal carriage and transmission, 37 the findings of this study add further evidence that deprivation is an important factor to consider in the evaluation of the effectiveness and cost-effectiveness of the introduction of new meningococcal B vaccines and the development and implementation of immunization policies.
Only a small proportion of children in our study reported smoking, and there was no significant association between smoking and meningococcal carriage. However, most children reporting cigarette smoking or potentially exposed to second-hand smoke in the household were from the most deprived areas. Further work is required to determine the impact of smoking reduction on meningococcal carriage and disease. Our study found no association between household occupancy and carriage of N. meningitidis, but it did find weak evidence of a positive association between household occupancy and carriage of N. lactamica.
Limitations of this study
It should be noted that prevalence and strain epidemiology were assessed at least 8 months after the six cases occurred and may therefore not reflect the situation in the previous meningococcal season. Carriage prevalence and strain epidemiology can change in a period of months. 38, 39 This is a cross-sectional study using an area-level measure of deprivation. It is not possible to definitively conclude a causal relationship between deprivation and meningococcal carriage from a study without individuallevel data on socioeconomic status, as the aggregation of data may distort the observed relationship (the 'ecological fallacy'). IMD scores at lower output area level may not reflect the distribution of socioeconomic inequality within smaller geographical areas.
Smoking may not have been accurately reported by children or parents because of 'social desirability bias', whereby study participants under-report certain behaviours for fear of creating a negative perception of themselves. Finally, the sensitivity of throat swabbing for detection of carriage of the meningococcus may be low and dependent on swabbing technique, 40 although in this study we aimed to maximize sensitivity by training of swab takers and the use of direct plating onto warmed selective culture media as recommended by other authors. 
